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PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This invention relates generaliy to plastically deforming and radially expanding 
an expandable tutHJiar nmnt)er. 

Background of the Invention 

Conventionally, when a wellbore is created, a number of casings are installed In 
the borehole to prevent ooHapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fbmiation or inflow of fluid from the fomnation into the borehole. 
The borehole is drilled in inten/als whereby a casing which is to be installed in a lower 
borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower Interval is of 
smaller diameter than the casing of the upper inten/al. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, rsqulred equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fonning new sections of casing in a wellbore. 

Summary of the Invention 
According to the present invention there is provided a method of plastically 
defomning and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjusteble expansion device movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjusteble expansion device, comprising: 

coupling a first end of the expandable tubular member to a tubular stnicture; 

Inserting the apparatus into the first end of the expandable tubular member in a 
first direction; 

displacing the actuator of the apparatus in a second directton opposite to the 
first direction; 

applying a resiltent biasing force to the adjusteble expansion device In the 
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second direction; 

moving the actuatDr and the adjustable mpansion device of the apparatus out 
of a second end of the expandable tubular nnemben 

reinserting the actuator of the apparatus into the second end of the expandable 
5 tubular member in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first direction; and 

plastically defomning and radially expanding the expandable tubular member by 
1 0 moving the adjustable expansion device through the expandable tubular member in the 
second direction* 

Preferably, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
1 5 Preferably, displacing the actuator and the adjustable expansion device relative 

to the expandable tubular member in the first direction comprises: 

Impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular member comprises: 
20 pulling the adjustable expansion device through the expandable tubular memt>er. 

Preferably, the method further comprises: 

fluididy sealing the Interface between the tubular support member of the 
apparatus and the expandable tubular member, 

wherein moving the adjustable expansion device through the expandable tubular 

25 member comprises: 

injecting a pressurized fluid into the tubular support member. 

According to another aspect of the present invention there is pro>^ded an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member; 

an adjustable expansion device movably coupled to the tubular support member; 

actuating means fbr actuating the adjustable expansion device; 

means fbr displacing the actuating means of the apparatus In a first direction; 

means for applying a resilient biasing fbroe to the adjustable expansion device 
35 when the actuating means is displaced in the first direction; 
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means for increasing the outside diameter of the adjustable expansion device by 
displadng the actuating means and the adjustable expansion devioe relative to the 
expandable tubular member in a second direction opposite to the first direction. 

Preferably, the means for displadng the actuating means of the apparatus in the 
rirst direction comprises: 

means for Impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion devioe relative to the expandable tubular member In the second direction 
comprises: 

means for impacting the actuating means. 

Brier DeecrlpOon of the Drawinge 
Figs. 1 and la-Id are fragmentary cross-eectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean fonnation. 

Fig. 1e Is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

Fig. 1f is a cross-sectional view of the expansion cone support body of Fig. 1e. 



Fig. 1g is a side )nem of an embodiment of an expansion cone segment for use 
in the apparatus of Rgs. 1 and la-Id. 

Fig. 1h Is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansion oone segment of Fig. 1g. 
5 Fig. 1j is a top view of an embodiment of interiodcing expansion oone segments 

for use in the apparatus of Rgs. 1 and 1a*1d. 

Fig. 1 k is a top fragmentary drcumfersntlai view of an embodiment of the 
ooupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and la-Id. 
1 0 Figs. 1 1 and 1 m are top schematic views of an embodiment of the ooupling 

between the J-stots of the drag blodcs and the lugs of Ihe tubular support member of 
the apparatus of Figs. 1 and la-Id. 

Figs. 2 and 2a-2d ana fragmentary cross-sectional illustrations of the apparatus 
of Figs. 1 and 1a-1d during the radial expansion of the tubular member within the 
1 5 borehole within the subterranean formation. 

Figs. 26 arKl 2f are illustrations of an embodiment of the J-slots of the drag 
blodks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2d-2d. 

Figs. 3 and 3a-3c are fragmentary cross^sectional illustrattons of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subterranean formation. 
25 Fig. 3d is a cross-secfional view of an embodiment of the expansion cone 

support body of the apparatus of Rgs. 3 and 3a-3a 

Fig. 3e is a cross-eectionai view of the expanskm cone support body of Fig. 3d. 
Fig. sr is a skle view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3a 
30 Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Fig. 3h is a top view of the expanskxi cone segment of Fig. 3f . 
Fig. 3i is a top view of an emtxxiiment of interlocking expansion cone segments 
for use In the apparatus of Figs. 3 and 3a-3& 

Fig. 3J is a top fragmentary circumferential view of an embodiment of the 
35 coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 



Figs. 4 and 4a-4d are fragmentary crDss-eecUonal illustrations of an 
embodiment of the placement of the apparatus of Figs. 3 and 3a^ including an 
expandable tubular member witfiln an expandable tubular member within a 
subterranean formation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional Illustrations of an 
embodiment of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 

expansion of the expandable tubular member vvitfun the borehole vvithin the 
subterranean fonnaiion. 

Figs. 6 and 6a^ are fragntentary cross-sectional Illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subtenanean formation. 

Fig. 6e is a aosfr«edionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 6 and 6a^. 

Fig. 6f is a ODSs^ectional view of the expansion cone support body of Rg. 6e. 

Fig. 6g is a side view of an embodiment of an expansion cone segment Ibr use 
in the apparatus of Figs. 6 and 6a4d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 

Fig. 61 is a top view of the expansion cone segment of Fig, 6g. 

Fig. 6J is a top view of an embodiment of interloddng expansion cone segments 
for use in the apparatus of Figs. 6 and 6a-ed. 

Fig, 6i( Is a top fragmentary drcumferentiai view of an embodiment of the 
coupling anangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustrations of an 
embodiment of the piaoement of the apparatus of Figs. 6 and 6a-6d including an 
expandable tubular member within a borehole within a subterranean formation. 

Rgs. 8 and 8a-8d are t^mentary cross-sectional Illustrations of an 
embodiment of the operation of the apparatus of Figs. 7 and 7a-7d during the radial 
expansion of the expandable tubular member within a borehole within a subtenanean 
fonnation. 

Fig. 9 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly In an unexpended posllioa 

Fig. 8a Is a cross sectional Illustration of the expansion cone assembly of Fig. 9. 

Fig. 10 is a fragmentary cross sectional iilusiiBlionoffhe expansion cone 
assembly of Fig. 9 In an expanded position. 



Fig. 10a is a cross sectional illustretion of the expansion cone assembly of Fig. 

10. 

Rg. 1 1 is a fragmentary cross sectional Illustration of an emt>odiment of an 
expansion cone assemt>ly in an unexpended position. 

5 Fig. 1 la is a cross sectionai iitustration of the expansion cone assemt)iy of Fig. 

11. 

Fig. 12 is a fragmentary cross secUonel illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded position. 

Fig. 1 2a is a cross sectional illustration of the expansion cone assembly of Fig. 

10 12. 

Fig. 13 Is a fragmentary cross sectional fliustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

15 Rg. 13b is a fragmentary top drcumferentiel illustration of the expansion cone 

segment assembly of Fig. 13 that illustrates the interleaved sets of collets. 

Fig. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
20 assembly of Fig. 1 3 in an expanded position. 

Rg. 14a is a cross sectional illustration of the expansion cone assembly of Rg. 

14. 

Figs. 1 5 and 1Sa-15c are fragmentary cross-seclional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
25 within a borahole within a subterranean fbonation. 

Rg. 1 5d Is a cross-secUonal view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-15a 

Fig. 15e is a cross-sedionai view of the expansion cone support body of Rg. 

15d. 

30 Fig. 1 Sf Is a side view of an embodiment of an e)9>ansion cone segment for use 

in the apparatus of Figs. 15 and 15a-15a 

Fig. ISg is a front view of the expansion cone segment of Fig. 15f. 

Fig. 15h is a top view of the expansion cone segment of Fig. ISf. 

Fig. 15i is a top view of an embodiment of interloddng expansion cone 
35 segments for use in the apparatus of Figs. 1 5 and 1 5a-1 5c. 



Fig. 1 SJ is a top fragmentaiy drojtnfsrential view of an embodiment of (he 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in (he appaiatajs of Figs. IS and 1Sa-15c. 

Figs. 16 and 16a-16c are fragmentary CR)s»«ec(ional illustrations of an 
embodiment of the placement of the apparatus of Figs. 1 5 and 15a-1Sj including an 
expandable tubular member within a borehole within a subterranean (bmtatlon. 

Rgs. 17 and 17a-17c aie fragmentary CRMS^ecHonal Illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and 16a-16c during the radial 
expansion of the expandable tubular mwnber within a borehole within a subtenanewi 
formation. 

Fig. 18a is a cross sectional Hlustratlon of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Fig. leb is a fragmentary circumferential top illustration of the expansion cone 
and spilt ring collar of Fig. 18a. 

Fig. 18c is a fragmentary cross-secGonai iOustration of the e)^nsion cone 
support flange of the expansion cone assembly of Fig. 1 8a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of 
Fig. 18c. 

Fig. 18a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 

Ida. 

Figs. 20a-20m are top drcumfarential views of various aKematlve embodiments 
of Interiocking expansion cone segment geometries. 

Detailed Description of the lllusbrathre Embodiments 
Refsmng initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member wOl now be described. As Ulustrated in 
Figs. 1 and 1a-1d, a welibore 100 is positioned in a subtenanean fomatlon 105. In an 
exemplary embodiment, the welibore 100 may include a pre-existing cased section 

110. The welibore 100 rnay be positioned In anyorientation from vertical to horizontal. 

In order to extend the welibore 100 Into the subterranean fbnnaUon 105, a driU 
string is used in a well known manner to driU out material from the subtenanean 
fbmiaflon 105 to fonn a new welibore sectton 1 15. In a prellBrred embodiment the 
inskie diameter of the new welibore sectton 1 1 5 Is greater than or equal to the Inside 
diameter of ttie preexisting weUbore casing 1 10. 



% 

A tubular member 120 defining a passage 120a may then be positioned within 
the weilbore section 1 15 with the upper end 120b of the tubular menriber coupled to the 
wellbore casing 1 1 0 and the lower end 120c of the tubular member extending into the 
weilbore section. The tubular nriember 120 may be positioned within the wellbore 
5 section 115 and coupled to the wellbore casing 1 10 in a conventional manner. In a 
preferred embodiment, the tubular member 120 Is positioned within the wellbore 
section 115 and coupled to the wellbore casing 110 using one ormore of the methods 
and apparatus disclosed in one or mom of the following: (1 ) U.S. patent application 
serial no. 09/454.138. attorney dodcet no. 25791.03.02, filed on 12/3/1999. (2) U.S. 

1 0 patent application serial no. 09/51 0.91 3, attorney dodcet no. 25791 .7.02. filed on 
2/23/2000. (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.6.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. 
attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial 
no. 09/523,460, attomey dodcet no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

15 application serial no. 09/512.895. attomey docket no. 25791.1Z02. filed on 2/24/2000, 
(7) U.S. patent applicatton serial no. 09/511,941. attomey docket no. 25791.16.02. filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent applicatton serial no. 09/559,122, 
attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent appHcatton serial 

20 no. PCT/USOO/18635. attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attomey docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisional patent applicatkm serial no. 60/154,047, attomey 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provisional patent applicatton serial no. 60/1 59,039, attomey docket rK>. 25791 .36. filed 
on 10/12/1999, (15) U.S. provistonal patent application serial na 60/159.033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent applicatton serial 
no. 60/212,359. attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal 
patent application serial no. 60/165,228. attomey docket no. 25791.39. filed on 

30 11/12/1 999. (1 8) U.S. provistonal patent appHcation serial no. 60/221 ,443, attomey 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provistonal patent application serial 
no. 60/221,645, attomey docket no. 25791.46, fitod on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attomey docket no. 25791.47, fitod on 
9/18/2000, (21) U.S. provisional patent appltoatton serial no. 60/237,334, attomey 

35 docket no. 25791 .48, fitod on 10/2/2000, (22) U.S. provistonal patent appltoation serial 
no. 60/270,007. attomey docket no. 25791.50, filed on 2/20/2001; and (23) U.S. 



provisional patent application serial no. 60/262,434, attorney docket no. 25781.51, filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259,486, 
attorney dodwt no. 25791 .62. filed on 1/30001, the disclosures of which are 
incorporated herein by reference. 
5 As illustrated In Figs. 1 and la-Id, an apparatus 200 for radially expanding a 

tubular member may then be positioned in the new section 1 1 5 of the wellbore 1 00 
within the tubular member 120. The apparatus 200 Includes a tubular support member 
205 defining an Internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an Internal passage 210a The other end of the tubular coupOng 210 Is 
10 coupled to an end of a tubular support member 215 defining an Internal passage 215a 
that Includes a firet lug 215b. a radial passage 215e. a first flange 215d. a second 
flange 215e, a second lug 215f, and an expansion cone support body 215g. The other 
end of the tubular support member 21 5 is coupled to a tubular end stop 220 that 
deflnes a passage 220a. 

15 As lllustretsd In Figs. 1e and If. the expansion cone support body 215g 

Includes a first end 215ga, a tapered hexagonal portion 215gb that Includes a plurality 
of T-ehaped slots 215gba provided on each of the external faceted suifeces of the 
tapered hexagonal portion, and a second end 215gc. In an exemplary embodiment, 
the angle of attadc of the tapered hexagonal portion ranges ftom about 35 to 50 

20 degrees for reasons to be described. 

As IDustrated in Figs. 1. la-Id. 1g. 1h. and 11, a plurality of expansion cone 
segments 225 are provided that Include firet ends 225a that Include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining membere 
225ba that mate with and are received within conespondlng T-shaped slots 215gba on 

25 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g, firet 
external surfeces 225bb, second external surfaces 22Sbe. and third external surfaces 
225bd. Thus, In an exemplary embodiment, a total of six expansion cone segments 
225 are provided that are slidaUy coupled to corresponding sides of the tapered 
hexagonal portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaces 225bb of 
the expansion cone segments 225 Increase in the direction of the second external 
surfaces 225be, the widths of the second external surfaces are substantially constant, 
and the widths of the third external surfaces 22Sbd decrease In the direction of the firet 
ends 225a of the expansion cone segments for reasons to be described, in an 

35 exemplary embodiment, the flret external surfaces 225bb of the expansion cone 
segments 225 taper upwardly in the direction of the second external surfaces 79Shr. 
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the second external surfaces taper upwardly in the direction of the third external 
surfaces 225t>d, and the third external surfaces 225t)d taper downwardly in the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion oone segments 225 ars greater than the 
angle of attach of the taper of the second external surfaces 22Sbc. In an exemplary 
embo(fiment. the first and second external swtaces, 225bb and 225bc, of the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced in the direction of the end stop 220, the first and second 

10 external surfaces of the expansion cone segments provide a substantiaily continuous 
outer drcumfiBrentiai surface for reasons to be described. 

As illustrated In Fig. 1J. In an exemplary embodiment, the extemal surfaces, 
225bb, 22Sbc and 225bd, of the second ends 22Sb of the expansion cone segnnents 
225 ars adapted to mate with one another in order to Interlock adjacent expanston 

15 cone segments. 

As illustrated in Figs. 1, la-Id, and Ik, a spilt ring collar 230 that defines a 
passage 230a for receiving the tubular support member 21 5 is provided that Includes a 
first end that Includes plurality of T-shaped stots 230b for receiving and mating with 
corresponding T-shaped retaining members 225aa of the expansion cone segments 

20 225 and a second end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
conrtmerdaily available from Halliburton Energy Services modified in accordance with 
the teachings of the present dlsck>sure. 

As illustrated in Figs. 1, 1a-1d, and 1m, a drag btodk assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provided that Includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230. one or more conventional 
drag block elements 235c, and a J-shaped slot 235d including a retaining slot 235da 
for receiving the second lug 21 5f of the tubular support member 21 5. In an exemplary 

30 embodiment, the tongKudinal axis of the J-shaped slot 235d of the drag bkx:k assembly 
235 is substantiaily parallel to the longitudinal axis of the tubular support member 215 
for reasons to be descrit)ed. 

A first conventkMial packer cup assembly 240 that defines a passage 240a ffor 
* rsceiving the tubular support member 215 includes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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receiving the tubular support member 215 includes a first end 24Sb that mates with the 

second end 240c of the first packer cup assembly 240 and a second end 24Sc. A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 21 5 Includes a first end 250b that mates vvith the 
5 second end 245c of the spacer 245. a conventional sealing cup 2S0c, and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As illustrated In Rgs. 1 , la-Id, and II. a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that Inchides a 
first end that includes sealing members. 255b and 255c one or more conventional drag 
10 bkx* elements 255d, and a J-shaped slot 255e including a retaining stot 255ea fbr 
receiving the firet lug 21Sb of the tubular support member 21 5. In an exemplary 
embodiment, the Imgitudinai axis of the J-shaped 8k>t 255e of the drag block assembly 
255 is substantially parallel to the tongitudlnal axis of the tubular support member 215 
fbr reasons to be described. 

In an exemplary embodiment during operatkm of the epparatus 200. as 
illustrated In Figs. 1 and la-lm, the apparatus may be positioned in the wettMie 115, 
within the tubular member 120. with the first and second kigs. 215b and 215f, 
respectively, positioned within the retaining slots. 255ea and 235da, respectiveiy. of the 
J-stots, 255e and 235da, rsspecUvety. of the drag bkwk assembly 255 and 235, 
respectively. In this manner, the drag bkxk assembly 235 is maintained m a 
substantialiy stationary positton relative to the tubular support member 215 thereby 
preventing the expanston cone segments 225 from being displaced downwardly In the 
longitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthermore, in this manner, the drag btock assembly 255 is also maintained In a 
substantlally statkwiary position relative to the tubular support member 215 thereby 
preventing the drag btock assembly from sealing off the radial passage 215c In an 
exemplary embodiment, during the placement of the appatHm 200 within the wellbore 
1 15 and the tubular member 120, the radial passage 215c penmlis fluidte materials 
outside of the tubular support member 215 to pass Into the passage 215a thereby 
minimizing overpressure conditions withh the annulus outside of the tubular support 
member. 

In an exemplary embodiment, the app»atus 200 is posttkmed vnthin the 
expandable tubular member 120 such that the expansion cone body 215g, the end 
stop 220. and the expanston cone segments 225 extend out of the expandable tubular 
member. In this manner, the expanskm cone segments 225 may be driven up the 

tapered hexagonal portkm 215gb of the exoanston Gone horiv 91^ thorahu lnf*r€^t%^l^^ 



the outside diamrteis of the expansion cone segments, without Impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag biodc 
assembUes. 235 and 255. thereby displacing the lugs. 215f and 21Sb. with respect to 

5 the J^ped slots, 235d and 2S5e. respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag blodc assemblies. 235 and 255, In 
the longitudinal direction thereby displacing the drag biodt assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relathm to the drag blodc assemblies, 235 and 255, 

10 the drag blodc assembOes, 235 and 255. are maintained In a subetairtiaily stationaiy 
position wHh resped to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks. 23Sc and 255d. of the drag blodc assemblies on the 
expandable tubular member, and during the upwani longitudinal displacement of the 
tubular support member 215 relative to the drag block assemblies, the lugs. 21Sf and 

15 215b. are guided in a substantially longitudinal diradkm by the J^tots. 235d and 255e. 
respectively, of the drag block assemblies. 

The downwanj longitudinal displacement of the drag btodc assembly 235 
relative to the tubular support member 215 displaces the split ring oollar 230 
downwardly atong with the expanston cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 215gb of the 

expansion cone support body215guntlitheendfacesofthe expanskxi cone segments 
impad the stop member 220. As a result, the outsUe diameter of the expanston cone 
segments 225 increases. In an exemplaiy embodiment, once the ttcpanston cone 
segments 225 impad the stop member 220, the outer surfaces, 225bb and 225bc. of 

25 the expansion cone segments provide a substantfartly continuous outer surface in the 
dreumferential diredkwi having a diameter that is greater than the inskle diameter of 
the expandable tubular member 1 20. The downward longitudinal displacement of the 
drag btodc assembly 255 relative to the tubutar support member 21 5 seals off the radial 
passage 21 5c thereby preventing the pressurized fiuidte material 275 from entering the 

30 ennulus surrounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f. the expandable 
tubular member 120 may then be radtoily expanded using the apparatus 200 by 
injecting a fiuMto material 275 into the epparatus through the passages 205a. 210a, 
and 215a. The ir\iectton of the liuWfc material 275 may pressurize the Interior 120a of 

35 the expandable tubutar member 120. In addition, because the packer cup assemWtes, 
240 and 250. seal off an annular region 120aa betow the pedcer cup assembitos 



15 



between the expandable tubular member 120 and the tubular support member 215. the 
Nection of the fluldic material 275 may also pressurize the annular region. 

The continued ir\|ectlon of the fluldic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastically delbmiii^ and 
radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer suriSaces. 225bb and 225bc. of the expansion cone segments 
225 are tapered, the plastic delbnnatlon and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued ir^edion of the fluldic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surtaoa of the tubular 
support member 215 that is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthemwre. in an 
exempiaiy embodiment, the pressurization of the annular region 120aa also radially 
expands the surrounding portion of the expandable tubular member 120. In this 
manner, the plastic defonnation and radial expansion of the expandable tubular 
member 120 Is enhanced. Furthermore, during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
the pressurized annular region 120aa. in an exemplary embodiment, the 
pressurizatkHi of the annular rsgton 120aa decreases the operating pressures required 
for plastic defonnation and radial expanskm of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
22Sbb and 225bc of the expansion cone segments 225. 

The rady expanskm of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically deformed along with the overiapping portkm of the weiibore casing 1 10. 
Because the expanskxi cone segments 225 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outskie diameter substantially equal to the inside diameter of the pre^dstlng 
casing 110, the resulting weiibore casing, including the casing 110 and the radially 
expanded tubular member 120, creeled by the operathm of the apparatus 200 may 
have a single substantially constant insMe diameter thereby provkling a monodiameter 
weiibore casing. 

If the expanskxi cone segments 225 become lodged within the tubular member 
1 20 during the radial expansion process, the tubular support member 21 5 mav im 



displaoed downwardly in the longitudinal direction and then rotated relative to the drag 
biodc assemblies, 235 and 255, thereby positioning the lugs, 215b and 21Sf» within the 
retaining stols, 255ea and 23Sda, respectively, of the J-slots, 25Se and 235d. 
respectively. As a result, the expansion cone segments 225 may be displaoed down 
5 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this manner, the tubular support member 205, the tubular support 
member 210, the tubular support member 215, the end stop 220, the expansion cone 
segments 225, the split ring collar 230, the drag block assembly 235, the pack cup 

10 assembly 240, the spacer 245, the packer cup assembly 250, and the drag btock 
assembly 255 mey then be removed from the tubular member 1 20. 

During the radial expansion process, the expanston cone segments 225 may be 
raised out of the expanded portton of the tubular member 1 20 by applying an upward 
axial force to the tubular support member 215. In a preferred emixxflment. during the 

1 5 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in onler to keep 
the tubular member stationary relative to the new wellbore sedton 115. in an 
alternative preferred embodiment the expanston cone segmente 225 are maintained in 
a stetlonary positton during the radial expanston process thereby altowing the tubuter 

20 member 120 to be radially expanded and piastically dafomned off of the expanston 
cone segments 225 and into the new wellbore section 115 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

in a preferred embodiment, when the upper end portton of the expandable 
tubular member 120 and the tower portion df the wellbore casing 110 that overlap with 

25 one another are plastteally defooned and radially expanded by the expansion cone 
segmente 225, the expansion cone segmente 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubuter member 120 and a 
upwardly directed axial force applied to the tubuter support member 205. 

In a prefened embodiment, the operating pressure and flow rate of the fluldic 

30 matertel 275 is controliably ramped down when the expanston cone segmente 225 
reach the upper end portion of the expandable tubular member 120. In thte nrtanner, 
the sudden release of pressure catted by the complete rsdtel expanston and plastic 
defomnatton of the expandabte tubular member 120 off of the expanston cone 
segmente 225 can be minimized. In a preferred embodiment, the operating pressure te 

35 reduced in a substanttelly linear fashton from 1 00% to about 1 0% during the end of the 
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extrusion process beginning when the expansion cone segments 225 are within atxMJt 
5 feet (1.524 m) from oompletton of the extrusion process. 

Altematlveiy, or in combination, the wail thickness of the upper end portion of 
the expandabie tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defomiing and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provMed in the tubular 
support member 205 In order to absorb the shock caused by the sudden release of 
pressure. "Die shock absorber may comprise, for example, any conventional 
commerdaiiy available shock absorber, bumper sub. or Jare adapted for use in weObore 
operations. 

Alternatively, or in combination, an expansion cone catching stnidure Is 
provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combinatfon. during the redial expanston process, an upward 
axial fbroe is applied to the tubular support member 215 suffk:ient to plastically defomi 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc, of the expansnn cone segments 225. 

Alternatively, or in combination, in order to facilitate the prassurizatnn of the 
intertor 120a of the expandable tubular member by the injectton of the fiuidic materials 
275, the region within the weMbore section 1 15 betow the apparatus 200 may be 
fluididy sealed off in a conventfon manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
205, the tubular support member 210, the tubular support member 215, the end stop 
220, the expanston cone segments 225. the split ring collar 230, the drag block 
assembly 235, the pack cup assembly 240, the spacer 245, the packer cup assembly 
250, and the drag btock assembly 255 are removed fipom the wellbore 100. 

In an altemative embodiment, as illustrated In Rgs. 2h and 21, the J-stots, 235d 
and 255e, include one or more Intermediate retaining slots. 23Sdb and 2S5eb, 
respectively, that pennit the relative tongltudlnal displacement of the tubular support 
member 215 relative to the dreg btock assembltos, 235 and 255. to be set at one or 
more intennediate stop positians. In this manner, the expanston segments 225 may be 
posittoned at one or nfK>re intennediate positions on the tapered hexagonal portton 
215gb of the expanston cone support body 21 5g thereby pennltting the external 
diameter of the expanston cone segments 225 to be adjusted to one or more 



intermediate sizes. In this manner, the radial expansion and plastic defonmation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, If the expansion oone segments 225 
become lodged within the expandable tubular member 1 20. then the position of the 
expansion oone segments may be adjusted to provide a smaller outsMe diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial fbroe to the tubular support member 215. 

Itefening to Figs. 3 and 3a-3J. an altemative embodiment of an apparatus 300 
for fonning a wellbors casing in a subterranean formation wai now be described. The 
apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that Is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 310 is coupled to an end of a tubular 
support member 315 defining an internal passage 315a that includes a first fiange 315b 
having oppositely tapered end-walls. 315bd and 315bb, a second flange 315c a radial 
passage 315d. a third flange 315e. a fourth flange 315f. a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb. a fifth flange 31 Sh. and an expansion 
cone support body 31 5i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e. the expansion cone support body 3151 Includes 
a first end 315ia, a tepered hexagonal portion 3151b that includes a plurality of T* 
shaped slots 315iba provided on each of the extemal faceted surfaces of the tapered 
hexagonal portion, and a second end 315ia In an emmplary embodiment, the angle of 
attack of the tepered hexagonal portion 31 Sib ranges from about 35 to 50 degrees for 
reasons to be described. 

As illustrated in Figs. 3, 3a-3c, and 3f*3h. a plurality of expansion cone 
segmente 325 are provided that include first ends 325a that include T-shaped reteinlng 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that mate with and are received within corresponding T-shaped slote 315iba on 
the tapered hexagonal portion 3151b of the expansion oone support body 31 5i. first 
extemal surfeoes 325bb. second extemal surfeces 325bc and thin! extemal surfaces 
325bd. Thus, in an exemplary embodiment a totel of sbc expansion oone segmente 
325 are provMed that are slidabiy coupled to corresponding sides of the tepered 
hexagonal portion 315ib of the expansion oone support body 3151. 

In an exemplary embodiment, the widths of the first extemal surfeoes 325bb of 
the expansion cone segmente 325 Increase in the direction of the second extemal 
surfeoes 325bc the widths of the second extemal surfeoes are subsiantially constent 
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and the widttn of the ttiiid external surfaces 325bd decrease in the direction of the firet 

ends 325a of the expansion cone segments for reasons to be desottwd. In an 
exempiaiy emiiodiment, the firet external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfeces 32Sbc 

5 »w second external surfaces taper upwardly in the direction of the third external 
surfaces 325bd. and the third extemal surfaces 325bd taper downwardly In the 

direction of the first ends 325a of the expansion cone segmente for reasons to be 
described. In an exemptaiy embodiment, the angte of attack of the taper of the firet 
extemal suifaoes 32Sbb of the expansion cone segmente 325 are greater than the 

10 angteofattackofthetaperofthesecondextemalsurfeoes325bc. In an exemplary 
embodiment, the first and second extemal surfaces. 325bb and 32Sbc of the 
expansion cone segmente 325 are arcuate such that when the expansion cone 
segmente 325 are disptaced in the dtrecOon of the end stop 320. the firet and second 
extemal surfaces of the expansion oone segmente provide a substantiaily continuous 

1 5 outer circumferential surface for reasons to be described. 

As IliustrBted in Fig. 31. in an exemptacy embodiment, the extemal surfaces, 
325bb, 325bc and 325bd. of the second ends 325b of the expansion cone segmente 
325 are adapted to mate with one another in order to Intoriock adjacent expansion 
cone segmente. 

A split ring collar 330 that defines a passage 330a for receiving the tubuter 
support member 315 is provkJed that includes a firet end that includes plurality of T- 
shaped stote 330b for receiving and mating with conesponding T-shaped retaining 
membere 325aa of the expanston cone segmente 325 and a second end that includes 
an L-shaped retaining member 330c. In an exemplary embodiment the split ring odlar 
330 is a conventional split ring collar commercially availabte from Halliburton Energy 
Services modified In accordance with the teachings of the present disclosure. 

A ooltet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubuter support member 315 end is coupted to an 
end of a resilient coliet 335b having upper and kiwer sete of oppositely tapered 
shoulders. 335ba and 336bb. and, 335bc and 335bd. respectively, that te posittoned 
proximate the fourth flange 315g of the tubuter support member 315. The other end of 
the coltot 335b te coupled to an end of a tubuter stoeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 33Sc is coupled to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 
for receiving the fifth flange 315h of the tubuter support member 315. An end of a 
tubuter coupling sleeve 335f that defines a passive 335ta for receiving the tubuter 
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support member 315 is received within the opening 335ca of the tubular sleeve 335c 
that includes a recess 33Sfb for receiving the fifth flange 31 5h of the tubular support 
member 315 and the ring 335e, and a radial passage 33Sfc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f includes a passage 33Stt for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315, a spring 335h, and a ring 3351 that defines a 
passage 335ia for receiving the tubular support member 315 «b also received within 
the recess 335fo. The ring 33Sg is positioned proximatB one end of the recess 335fo, 
10 the ring 335i is positioned proximate the fifth fiange 315h of the tubular support 
member 315 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first conventional paclcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 31 5 includes a first end 340b that mates with the 

1 5 fourth fiange 31 5f of the tubular support member, a conventional sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 Includes a first end 345b that mates with the second 
end 340d of the first padcer cup assembly 340 and a second end 345c. Asecond 
conventional padcer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 315 indudes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c and a second end 350d that 
mates with the third fiange 315e of the tubular support member. 

A collet assembly 355 is provided that indudes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and Is coupled to an end 

25 of a resilient cdlet 355b having upper and lower sets of oppositely tapered shouldere, 
355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end of the collet 3S5b 
is coupled to an end of a tubular sleeva 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second fiange 31 5c of tiie tubular support member 31 5. An erxl of a tubular sleeve 
355f that defines a passage 3S5fo for raceiving the tubular support member 315 Is 
received within the opening 355ca of the tubular sleeve 35Sc that indudes a recess 
355fb for receiving the second fiange 315c of the tubular si4)port member 315 and the 

35 ring 355e, and a radial passage 355fc for receiving the pin 3S5d. Another end of the 
tubular sleeve 355f indudes a passage 355fd for receiving the tubular support member 
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315. a recess SSSfa for receiving an end of the tubular sleeve 355c and sealing 
nwmbereSSSff. A ring 356g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also reoeiv«d wHhIn the recess 3551b. An 
end ofthe ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 315 within an end of the recess 355fb and the other end ofthe ring is 

positioned an end of the spring 355h. The otherend ofthe spring 35Sh Is positioned 
pnudmate the otherend of the recess 3551b. 

In an exemplary embodiment, during operation of the apparatus 300. as 
niustratod In Figs. 3 and 3a-3|. the apparatus may be initially positioned in the wellbore 

10 100. within the casing 110. with the ooHetassambllM 335 and 355 positioned In a 
neutral position in which the radial passage 31 5d of the tubular support member 31 5 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 3151b of the expansion cone support body 
31 51 of the tubular support member 315 Into contact with the stop member 320. in this 
15 manner, fluidic materials within the interior 315a of the tubular support member 315 
may pass through the radial passage 31 5d into the annuius between the apparatus 300 
and the casing 1 10 thereby preventing over pressurizatlon of the annuius. 
Furthermore. In this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemiltting 
20 the apparatus 300 to be displaced within the casing 1 1 0. 

As illustrated In Figs. 4. and 4a-4d. the suparatus 300 may then be positioned 
In the tubular member 120. During the inseriion ofthe apparatus Into the tubular 
member 120. the upper end 120b of the tubular member may impact the tapered 
shoulders. 335bb and 355bb. of the coHets. 335b and 35Sb. respectiveiy. thereby 
25 driving the collets badcward until the tapered shouldera. 335bd and 355bd. of the 

coUets are posttioned proximate the tapered shoutdere, 315ga and 315be. respectively, 
of the tubular support member. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355e, and the rings. 33Sg and 355g, of the collet assemblies. 335 
and 355. respectively, are driven badcward. compressing the springs. 335h and 355h, 
thereby applying axial biasing forces to the tubular ooupUng sleeve 336f and the tubular 
sleeve 356f. respectively. In this manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 315ib of the 
expansion cone support body 31 51 of the tubular support member 31 5 into contact with 
the stop member 320. Thus, the outside diametar of the expansion cone segments 
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325 is maintained in a position that is less than the inside diameter of the tubular 
member 120 thereby permttUng the epparatus 300 to be displaoed within the tubular 
member. Furthemnore, In this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the redial passage 
31 Sd in the tubular support member 315. Thus, fluldic materials within the interior 315a 
or the tubular support member 315 may pass through the radial passage 315d into the 
annuius between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annuius. 

The apparatus 300 may then be at least partially positioned in the open hole 
section 11 5a of the wellbore section 11 5. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop member 320, the expansion cone segments 325, the split ring collar 
330. the collet assembly 335. the packer cup assembly 340. the spacer 345. the packer 
cup assembly 350. and the coilet assembly 355 is then positioned in the open hole 
section 1 1 5a of the weilbore section 1 15, beyond the tower end 120 of the tubular 
member for reasons to be described. Because the collets. 335b and 355b. are 
resilient, once the apparatus 300 has been positioned in the open hole sectton 1 1 5a of 
the weilbore sedton 115, beyond the bwer end 120c of the tubular member 120. the 
tapered shoulders, 335ba and 3S5ba. of the collets may spring outwardly In the radial 
direction. 

The apparatus 300 may then be repositioned at least |>artially back within the 
tubular member 120. During the re-insertton of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the tapered shouldera, 
335ba and 355ba. of the collets, 335b and 355b, respectively, thereby driving the 
collets forward until the tapered shouldera, 335bc and 356bc. of the collets are 
positioned proximate the tapered shoulders. 31Sgb and 315bb, respectively, of the 
tubular support member 315. As a result, the support rings, 335a and 35Sa, the 
collets. 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f, the tubular sleeve 355f, the 
rings. 335g and 355g. and the ring 335i of the collet assemblies, 335 and 355, 
respectively, are driven fbnrard, thereby compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 31 5d and driving the expanskm cone segments 
325 up the tapered hexagonal portton 315ib of the expanskm cone support body 3151 
of the tubular support member 315 into contact with the stop member 320. 

As a result, the outskJe diameter of the expanston cone segments 325 Is now 
grsatsr than the Inside diameter of expandat>le tubular member 120 thereby permitting 
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the apparatus 300 to be used to radially expand and plastically defbnn the tubular 
member, and fluldic materials within the interior 315a of the tubular si4)port member 
315 may no longer pass through the radial passage 31Sd into the annulus betiiveen the 
apparatus 300 and the tubular member thereby pennltting the Interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to radlaUy expand and plastically 
defwm the tubular member 120 by applying an upward axial force to the tubular 
support member 315 and/or by injecting a prsssurizad fluldic material Into the tubular 
support member. 

In particular, as Illustrated In Figs. 5 and 5a-5d. the expandable tubular member 
120 may then be radtaliy expanded using the apparatus 300 by Ir^ecting a fluldic 
material 275 into the apparatus through the passages 305a. 310a. 31Sa. and 320a. 
The tajedion of the fluldic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. in addition, because the padcer cup assemblies, 340 

15 and 350. seal off an annular region 120aa below the pacl<er cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the Section 
of the fluldic material 275 may also pressurize the annular region. 

The continued injection of the fluldic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defbmting and 
20 radially expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfaces. 325bb and 325bc of the expansion cone segments 
325 are tapered, the plastic defomnatlon and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthemwre, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 31 5 that is bounded on the upper end by the padwr cup assembly 
340 end on the lower end by the expansion cone segments 325. Furthennore. m an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portion of the expandable tubular member 
120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 Is enhanced. Furthennore. during operation of the apparatus 300. 

the padcer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 
liom passing above and beyond the padcer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. in an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the ODerB«nann««.«i.~«..i^ 
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for plastic deformation and nadial expansion of the expandable tubular nnember 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expended portion of the tubular nf)eiTd)er 120 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 Is expanded in order b keep 
the tubular member statk>nary relative to the new wellbore section 1 1 5. 

20 In a preferred embodiment, when the upper end portion of ti)e expandable 

tubular member 120 and tiie lower portion of the wellbore casing 110 that overlap with 
one another era plastically defbnned and radially expanded by the expanston cone 
segments 325, ttie expansion cone segments are displaced out of the wellbore 100 by 
botii ttm operating pressure witiiin the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to ttie tubular support member 305. 

In a preferred embodiment, the operating pressurs and flow rate of the fluklic 
material 275 is contit)llably ramped down when the expansion cone segments 325 
rsach ti)e upper end portion of ttie expandable tubular memt)er 120. In this manner, 
the sudden release of pressure caused by ttie complete radial expansion and plastic 

30 deformation of ttie expandable tubular member 1 20 off of the expanston cone 

segments 325 can be minimized. In a preferred embodiment, ttie operating pressure is 
reduced In a substantially linear fashkin from 100% to about 10% during ttie end of the 
extruston process beginning when ttie expanskxi cone segments 325 are wittiin about 
5 feet (1 .524 m) from completion of ttie extmsion process. 

35 Alternatively, or In combination, ttie wall ttilckness of ttie upper end portion of 

ttie expandable tubular member 120 Is tapered in order to gradually reduce ttie 



required operating pressure for plastically defonning and radiaHy expanding the upper 
end portion of the tubular nnemt>er. In this manner, shodt loading of the apparatus is at 
least reduced. 

AitemativBly, or in combination, a shodc absorber is provided in the tubular 

5 support member 305 In order to absoib the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any convantionai 
oommerdally available shock absortier. bumper sub. or Jare adapted for use In wellbore 
operattons. 

Alternatively, or in combination, an expansion oone catching stnjdure is 
10 provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least deoelerete the eiqpanslon oone segments 325. 

Alternatively, or in combinatton. during the radial expansfon process, an upward 
axial force Is applied to the tubular support member 31 5 sufRdent to plastically deform 
and radiaHy expand the tubular member 120 off of the external surfaces. 225bb and 
IS 225bc of the expanston cone segments 325. 

Alternatively, or In combination, in order to facilitate the prmsurtzatton of the 
Interior 120a of the expandable tubular member by the injection of the fluidic materials 
276, the region within the welbore section 1 1 5 below the apparatus 300 may be 
fluidldy sealed off in a convention manner using, for example, a packer. 
20 Once the radial expanskm process is oompteted. the tubular support member 

305, the tubular support member 310. the tubular support member 31 5, the end stop 
320. the expanston cone segmente 325, the spilt ring collar 330, the collet assembly 
335. the packer cup assembly 340, the spacer 345, the packer cup assembly 350, and 
the collet assembly 355 are removed from the wellbores 100 and 115. 

25 "efemng tongs. 6 and 6*6k, an attemative embodiment of an apparatus 400 

for fomning a wellbore casing in a subterranean fomiaflon viflli now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that Is coupled to an end of a tobular coupling 410 defining an internal passage 
410a The other end of the tubular coupling 410 is oouptod to an end of a tubular 
support member 415 defining an internal passage 41 5a that includes a first flange 
415b. a first radial passage 415c a second radial passage 415d. a second flange 
415e. a stepped flange 415f. a third flange 415g. a fourth flange 415h. a fifth flange 
4151. and an expanston oone body 41 5J. The other end of the tubular support member 
4 1 5 is oouptod to a tubular end stop 420 that defines a passage 420a. 

As Uustreted In FTgs. 6e and ef, the expanskm oone support body 41^ includes 
B flret end 41^. a tepered hexagonal portkm 415jb ttiat includes a oturalltv of t. 
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shaped slots 415Jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 41^c. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415Jb ranges from atxxjt 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Figs. 6, 6a-6d. and 6g-6l, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that Include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within conresponding T-shaped slots 419ba on 
the tapered hexagonal portion 415Jb of the expansion cone support body 415J, first 

1 0 external surfaces 425bb, second external surfeces 425bc, and third external surbces 
42Sbd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are sfidably coupled to corresponding sides of the tapered 
httcagonal portion 415Jb of the expansion oone support body 41 SJ. 

In an exemplary embodiment, the widths of the first external surfeoes 425bb of 

15 the expansion oone segments 425 Increase In the direction of the second external 
surfeces 425bc the widths of the second external surfaces are substantially constant, 
and the widths of the third external surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion oone segments for reasons to be described. In an 
exemplary embodiment, the first external surfeces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425bc, 
the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 425bd, and the third extemal surfaces 425bd taper downwardly In the 
direction of the first ends 425a of the expansion oone segments for reasons to be 
described. In an exemplaiy embodiment, the angle of attack of the taper of the first 

25 extemal surfeices 425bb of the expanston cone segments 425 are greater than the 
angle of attack of the taper of the second external surfaces 425b& In an exemplary 
embodiment, the first and second extemal surfaces, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 external surbces of the expansion oone segments provide a substantially continuous 
outer circumferential surfiace for reasons to be described. 

As illustrated In Fig. 6J. In an exemplary embodiment, the external surfaces, 
425bb, 425bc, and 425bd, of the second ends 425b of the expenston cone segments 
425 are adapted to mate with one another in order to interiock adjacent expanston 

35 cone segments. 



A split ring collar 430 that defines a passage 430a for receiving the tubular 
support member 41 5 is provided that Includes a first end that includes pluiality of T- 
shaped slots 430b for receiving and mating corresponding T-shaped retaining 
membefs 42Saa of the expansion cone segments 425 and a second end that includes 
an L-shaped retaining member 430a In an exemplary embodiment the split ring colar 
430 is a conventional split ring collar commercially available from Halliburton Eneigy 
Sendees modified in accordance with the teachings of the prssent disclosure. 

A dog assembly 435 Is provided that Inductes a tubular sleeve 43Sa that defines 
a passage 435aa for receiving the tubular eupport member 415 that includes a first end 
that includes a slot 43Sab for receiving and mating with the L-shaped reteining member 
430c of the spilt ring collar 430, a radial passage 435ac and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a Includes a flange 435ae that males with the fourth flange 41Sh of 
the tidNilar support member 415. A retaining ring 435b that defines a passage 435ba 
for receiving the fiRh flange 4151 is received within the recess 435ad dfVne tubular 
sleeve 435a and is coupled to an end of a load transfsr pin 435& The opposite end of 
the load transfer pin 435c Is received within the radial passage 435ac of the tubular 
sleeve 435a and Is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a firet end for receiving the tubular sleeve 435e. and a radial opening 435dc 
for receiving a oonventional rBsilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
wHhln the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 41 51 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 
receiving the tubular support member 41 5 Includes a firet end 440b that mates with the 
fourth flange 415g of the tubular support member, a conventional sealing cup 440c, 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 Includes a first end 445b that mates with the 
second end 440d of the first padcer cup assembly 440 and a second end 445c. A 
second oonventional packer cup assembly 450 that defines a passage 450a for 
receiving the tubular support menfiber 415 includes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 is provided that includes a tubular sleeve 4S5a that defines 
a passage 455aa for receiving the tubular support member 415. A first end of the 
tubular sleeve 455a includes a radial ooenino 4SSab far meeiwinn 



resiliefit dog 4S5b. A second end of the tubular sleeve 4SSa Includes a recess 45Sac 
and is coupled to an end of a load transfer pin 45Sc. The opposite end of the load 
transfer pin 4S5c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tutMJlar support memt)er 415. A ttitHJiar sleeve 45Se is received within the 

5 recess 4SSac of the tutujlar sleeve 4SSa that defines a passage 4S5ea for receiving the 
tubular support member 41 5 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 4S5ga for receiving the tubular su^ 
member 415 is further received %vithin the recess 455ec of the tubular sleeve 4S5e 

10 between the spring 455f and the second flange 41Se of the tubular support member 
415. A second end of the tubulv sleeve 45Se includes a radial passage 45Sed, 
sealing members, 45Sef and 455eg. and a recess 455eh that mates with the first flange 
415b of the tubular support member 415. 

In an exemplary embodiment, during operation of the apparatus 400. as 

15 Illustrated In Figs. 6 and Mk, the apparatus may be initially positioned in the welibore 
100, within the casing 1 10, with the dog assemblies 435 and 455 positioned in e 
neutral position in which the radial passage 415d of the tubular support member 415 is 
fluididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered h«cagonal portion 41S||b 

20 of the expansion cone support body 41 5J of the tubular support member 41 5 into 
contact with the stop member 320. in this manner, fluidic materials within the interior 
415a of the tubular support member 415 may pass through the raidlal passages. 41 Sd 
and 455ed, into the annulus between the apparatus 400 md the casing 110 thereby 
preventing over pressurization of the annulus. Furthermore. In this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 
diameter of the stop member 420 thereby permitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in Figs. 7. and 7a-7c the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular member 

30 1 20. the upper end 120b of the tubular merriber may impact the ends of the resilient 
dogs. 435e and 455b. of the dog assemblies. 435 and 455. respectively, thereby 
driving the resilient dogs. 435e and 455b. backwards off of and acQacent to one side of 
the flanges. 41 5h and 415f, respectively. As a result of the badcward axial 
displaoement of the resilient dog 435e. the tubular sleeve 435d. the pin 435c the 

35 retaining ring 435b. and the ring 435g of the dog assembly 435 are driven badcward 
therebv comoressino the sortna 435f and aDolying an axial biasing force to the tubular 



"IT? 

Sleeve 43Sa that prevents the expansion cone segnrants 425 from beir« 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b. the tubular sleeve 4S5a. the pin 455c the retaining ring 4S5d. and the ring 
45Sg of the dog assembly 455 are driven backward thereby compressing the spring 

5 4SSf and applying an axial biasing force Id the tubular sleeve 4S5e that prevents the 
radial passages. 415d and 45Sed fron being fluMidy decoupled. 

The apparatus 400 may then be at least partially poslttoned in the open hole 
sectton llSa of the WBllboresedkm 115, beyond the lower end 120c of the tubular 
member 120. In an exempiaiy embodiment, that poctkm of the apparatus 400 that 

10 includes the stop member 420, the expanskm cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440. the spacer 445. the packer 
cup assembly 450. and the dog assembly 455 Is then posttkNied in the open hole 
sectkm 115a of the wellbore secfon 115. boyond the kwrer end 120 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b. of the dog 

15 assemblies, 435 and 455, respectively, are resllent, once the apparatus 400 has been 

positkmed In the open hole section 115a of the wellbore sectkm 115. beyond the kwver 
end 120c of the tubular member 120, the resilient dogs, 435e and 455b. of the dog 
assemblies may spring outwardly in the radial dlrectk)n. 

The apparatus 400 may then be rsposltkmed at least partially back within the 
^ tubular member 120. During the reinsertion of the apparatus ^ the tubular member 
120. the k)wer end 120c of the tubular member may Impact the ends of the reslltent 
dogs, 435e and 45Sb, of the dog assemblies, 435 and 455, respectively, thereby 
driving tha rasUent dogs fbnMard until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges, 415h and 41Sf. of the tubular support member 
415. 

As a result, of the forward axial displaoement of the resilient dog 435e. the 
tubular sleeve 435a, the retaining ring 435b. the pin 435c the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaced in the forward 
axial direetkm thereby also displacing the split ring collar 430 and the expansion cone 
segments 425 in the fbraerd axial directkia As a result, the expanskm cone segments 
425 are driven up the tapered hexagonal portkm 4iqb of the expansion cone support 
body 415J of the tubular support member 415 Into contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the 
tubular sleeve 455a. the pin 455c the retaining ring 45Sd. the tubular sleeve 455e, the 
spring 455f, and the ring 455g of the dog assembly 455 are driven fonvard in the axial 
dkeclkm thereby flukiicly deoouplina the radial oassaaas. 4lSd nnH A.i»Mi anw ahmm.. 



coupling the radial passages 41 Sc and 41 5d. As a result fluldic materials within the 
tubular support memt>er 41 5 niay not pass into the annulus t)etween the tubular 
support member and the tubular member 1 20. 

As a result of the forward axial displacement of the resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby permuting the apparatus 400 to 
be used to radially expand and plasHcaly defbnn the tidHdar member, and fluldic 
materials within the interior 41 Sa of the tubular support member 415 may no longer 
pass through the radial passages. 41 5d and 4S5ed, into the annulus between the 
1 0 apparatus 400 and the tubular member thereby pennltting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
defonn the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluldic material into the tubular 

IS support member. 

In particular, as illustrated in Figs. 8 and 8a-8d, the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluldic 
material 275 into the apparatus through the passages 405a, 310a, 415a. and 420a. 
The Injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the padcer cup assenrd>lies, 440 
and 450. seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415, the injection 
of the fluldic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 1 20 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
425. Because the outer surfeces, 425bb and 425bc, of the expansion cone segments 
425 are tapered, the plastic defonfnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 

30 Furthennore, in an exemplary embodiment the continued injection of the fluldic 
material 275 also pressurizes the annular region 120aa defined between the biterior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the expansion cone segments 425. Furthennore, in an 

35 exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portion of the expandable tubular member 



1^^ 

120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 Is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular region 1 20aa. In an exemplary embodiment the 
pressurizatton of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expanston of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered ttdamal surteoes. 
425bb and 42Sbc of the expanskxi cone segments 425. 

10 The radial expansion of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomned along with the overlapping portion of the vveilbore casing 1 10. 
Because the expansion cone segments 425 may be adjustably positioned fifom an 
outside diameter less than the inside diameter of the expandable tubular member 120 

15 to an outsUe diameter substantially equal to the insMe diameter of the pre-existing 
casing 110. the resulting wellbore casing, Including the casing 110 and the radially 
expanded tubular member 120, created by the operatton of the apparatus 400 may 
have a single substantially constant inskle diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expanskxi cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a preferred embodiment, during the 
radial expanston process, the expansion cone segments 425 are raised at 
approximatety the same rate as the tubular member 120 Is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 1 1 5. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portton of the wellbore casing 1 10 that overlap with 
one another are plastically defomfied and radially expanded by the expansion cone 
segments 425, the expansk}n cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 1 20 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefenned embodiment, the operating pressure and flow rate of the fluidic 
material 275 Is oontrollably ramped down when the expanston cone segments 425 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
of the expandable tubular member 120 off of the expansion cone 
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segments 425 can be mlnlntod. In a preferred embodiment, the operating pressure is 
reduced In a substantially linear fashion lion 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 425 are wItWn about 
5 feet (1.524 m) from oompl^lon of the extmsion process. 
5 Altematively, or In combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 Is tapered in order to gradually reduce the 
required operating pressure Ibr plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shodc loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shock absorber Is provided in the tubular 

support member 405 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventtonai 
commercially available shock absorber, bumper sub. or jas adapted for use in wsllbore 
operations. 

15 Alternatively, or in combination, an expanston cone catching stmcture is 

provMed In the upper end portton of the expandable tubular member 120 In order to 
catch or at least decelerate the expanston cone segments 425. 

Altematively, or in combination, during the radial expanston process, an upward 
axial force is applied to the tubular support member 41 5 sufftatent to plastlcally deform 

20 and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc, of the expansion cone segments 425. 

Alternatively, or in combination, in order to facUitato the pressurizatton of the 
Inlertor 120a of the expandable tobular member by the ir^jectton of the fluldlc materials 
275. the region within the wellbore sedton 1 15 below the apparatus 400 may be 

25 fluldidy sealed off In a convention manner using, far example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405. the tubular support member 410, ll» tubular support member 415. the end stop 
420. the expanston cone segments 425. the split ring collar 430, the dog assembly 435. 
the packer cup assembly 440. the spacer 445, the packer cup assembly 450. and the 

30 dog assembly 455 are removed from the wellbores 1 00 and 1 1 5. 

Referring now to Figs. 9, 9a. 10 and 10a, an embodiment of an adjustable 
expanston cone assembly 500 virtll be described. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and Includes a flange 505b. an 
expansion cone support flange assembly 605c. and an end stop 505d. The expansion 

35 cone support flange assembly 605c includes a tubular body 505ca and a plurality of 
equally spaced apart expanston cone segment support membere 505cb that extend 



outwardly from the tubular body In the radial direction that each include identical bases 
SOScba and extensions SOScbb. The support members SOScb further include first 
sections SOScbc having arcuate conical outer surfaces and second sections SOScbd 
having arcuate cylindrical outer surfaces for reasons to be described. 
5 An expansion cone segment assembly 510 is provided that includes a t&^ular 

support 510a defining a passage 510aa for receiving the tubular support member 505 
and a slot 510ab. A plurality of spaced apart and substantially identical resiBent 
expansion cone segment collets SlOb extend from the tubular support 510a in the axial 
direction that include expansion cone segments SlOba extending therefrom in the axial 

10 direction. Each of the expansion cone segments SlOba further Include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 51 5 is provided that d^nes a passage 51 5a for receh/ing the 
tubular support member 505 that includes an L-shaped retaining member 51 Sb at one 
end for mating with the slot 51 Oab of the tubular support 510a of the expansion cone 

1 5 segment assembly 51 0. Another end of the split ring collar 51 5 includes an L*shaped 
retaining member 515a A tubular sleeve 520 Is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 51 5c of the split ring collar 51 S. 

During operation of the assembly 500. as illustrated in Figs. 9 and 9a, in an 

20 unexpended position, the expansion cone segments SlOba of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members 505cb with the outside 
diameter of the expansion cone segments less than or eqimi to the maximum outside 
diameter of the assembly. As illustrated in Figs. 10 and 10a, the assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520. the spilt ring collar 515, and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support members SOScb. As a result, the expansion cone segments 
SlOba are driven up the conical section SOScbc of the expansion cone segment 
support members SOScb and then onto the cylindrical section SOScbd of the expansion 

* 

30 cone segment support members until the expansion cone segments impact the end 
stop SOSd. in this manner, the outside diameter of the mpansion segments 51 Oba is 
greater than the maximum diameter of the remaining components of the assembly 500. 
Furthenfnore, the conical outer surfaces SlObaa of the expansion cone segments 

« 

SlOba may now be used to radially expand a tubular member, ftote that the 
35 extensions SOScbb of the expansion cone segment support members SOScb provide 
support in the drcumfierential direction to the adjacent expansion cone segments 
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51 Oba. In an axen^jiary embodiment, the outer conical surtoces 51 Obaa of the 
expansion oone segments 51 Ot)a In the expanded position of the assemlily 500 provide 
a substantially oontinijous outer conical surfaces in the drcumfofentlal direction. 
The assembly 500 may then be returned to the unexpended position by 
5 displacing the tubular sleeve 520. the split ring collar 5 1 5, and the expansion oone 
segment assembly 51 0 In the axial direction away from the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are 
displaced off of the ^Indrlcal section 505cbd and the conical section SOScbc of the 

expansion cone segment support members 505cb. Because the collets 51 Ob of the 

10 expansion cone segment assembly 510 are lesltlent, the expansion segments SlOba 
are thereby returned to a position in which the outside diameter of the expansion cone 

segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the 

15 assemblies 200, 300 and/or 400. 

Referring now to Figs. 1 1, 1 la. 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The essembiy 600 includes a tubular 
support member 605 that defines a passes^ 805a and includes an expansion cone 
support flange assembly 605b, and an end stop 60Sc. The expansion cone support 

20 flange assembly 605b Includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially idenUcai support membere 605bb that 
extend outwardly from the tubular body In the radial direction. The support membere 
605bb further include tint sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfeoes, and third sections 

25 605bbc having arcuate ^indricai outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 Is provided that includes a tubular 
support 610a dining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially Identical resiiient 
expansion cone segment colleta 610b extend from the tubular support 610a m the axtel 

30 direction that Include expansion cone segments 61 Oba extending therefrom in the axial 
direction. Each of the expansion cone segmenta 610ba further include arcuate conical 
expansion surfaces 61 Obaa for radaily expanding an expandable tubular member. 
A split ring coHar 615 is provided that defines a passage 615a ft)r receiving the 

tubular support member 605 that includes an L-shaped retaining member 615b at one 
35 end tor mating with the slot 61 Oab of the tubular support 610a of the expansion cone 
segment assembly 610. Another end of the split ring cdiar 615 includes an L-«haped 



retaining member 61Sa A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-ehaped retaining member 61 So of the spiK ring collar 615. 

During operation of the assembly 600. as illustrated In Figs. 1 1 and 1 la. in an 
5 unexpended position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba, adjacent to 
the base of the conical section 605bbb, of the expansion cone segment support 
members 60Sbb with the outside diannetar of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615. and the expansion cone segment assembly 610 in the 
a)dal direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

1 5 section OOSbbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605a In this manner, the outside diameter of the 
expansion segments 610ba is greater than the ma)dmum diameter of the remaining 
components of the assembly 600. Furthennora, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 memt)er. In an exemplary embodiment, the outer conical surfaces 610baa of the 

expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer coniced surfaces in the drcunnferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, the split ring collar 615, and the expansion cone 

25 segment assembly 61 0 in the axial direction away from the expansion cone segnnent 
support members 605bb. As a result the expansion cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 60Sbbb and back 
onto the cylindrical section 605bba of the expansion cone segment support members 
605bb. Because the collets 61 Ob of the expansion cone segnnent assembly 61 0 are 

30 resilient, the expansion segments 61 Oba are thereby retumed to a position in which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incorporated into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a, 13b, 13c 14 and 14a. an embodiment of an 

adUustable expansion cone assembly 700 will be described. The assembly 700 



indudes a tubular support member 70S that defines a passage 705a and Includes an 
expansion cone support flange assembly 705b, and an end stop 705a The expansion 
cone support flange assembly 705b Includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantiaBy identical support members 

S 705bb that extend outwardly from the tubular body In the radial direction. The support 
members 705bb further bidude first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having aicuata conicai outer surfiBoee. and third 
sections 705bbc having arcuate <^indrical outer surfeoes for reasons to be described. 
An expansion cone segment assembly 71 0 is provided that indudes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that indudes a siot 710ab and a second tubUtar support 71 Ob defining a 
passage 710ba for receiving the tubular support member 705 that Indudes a plurality of 
spaced apart and substantially identical axial slots 71 Obb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment oollets 710ac extend from 

15 the first tubular support 710a In the axial direction and are received within 

oorrespondir^ ones of the axial slots 710bb in the second tubular support 710b that 
indude substantteiiy Identicai expansion cone segments 710aca extending thersfipom In 
the axial direction. A plurality of spaced apart and substanfially identical resilient 
expansion cone segment oollets 710bc extend from the second tubular support 710b in 

20 the axial diredion that are Interieaved and overiap with the expansion cone segment 
coOets 710ac and that Indude substanUally idenUcai expension cone segments 710bca 
extending therefrom In the axial direction. Each of the expansion cone segments. 
710aca and 710bca. further include arcuate conical expansion eurfeces. 710acaa and 
710bcaa. respectively, for racflally expanding an expandable tubular member. A 

25 plurality of pins 715a-715d couple the expansion cone segment collets 710ac to the 

second tubular support 710b. 

A split ring collar 720 is provided that defines a passage 720a for receiving the 
tubular support member 705 that Indudes an L-shaped retaining member 720b at one 
end for mating with the slot 710abof the first tubular support 710a of the expansion 
30 cone segment assembly 710. Another end of the split ring collar 720 Indudes an L- 
shaped retaining member 720a A tubular sleeve 725 is provided that defines s 
passage 725a for receiving the tubular support member 705 that includes a slot 725b 
for receiving the L-shaped retaining noember 720c of the spIR ring collar 720. 

During operation of theassembly 700, as Hlustrated in Figs. 13, 13a, 13b. and 
35 13a in an unexpanded position, the expansion cone segments 710aca of the 
exoansion cone segment assembly 710 overiap virtth and are positioned over the 
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expansion cone segments 710bca of the expansion cone segment assembly, adjaoent 
to the l>ase of the oonlcal section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments iess than 
or equal to the nwudmum outside diameter of the assembly. As illustrated In Figs. 14 
5 and 1 4a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 71 0 in the 
axial direction towards the expanskx) cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 71 Obca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

10 the cylindrical section 705bbc of the expansion cone segment support membens until 
the expansion cone segments impact the end stop 705c. In this manner, the outside 
diameter of the expansion segments, 710aca and 71 Obca, Is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthennore, 
the conical outer surftices, 710acaa and 710bcaa, of the expansion cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces. 710acaa and 
710bcaa, of the expansbn cone segments, 710aca and 710bca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular sleeve 720, the split ring coHar 715, and the expanston cone 
segment assembly 710 In the axial direction away from the expansion cone segment 
support membere 70Sbb. As a result, the expansion cone segments, 710aca and 
71 Obca, are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and back onto the cylindrical section 705bba of the expansion cone segment 
support membere 70Sbb. Because the collets, 710ac and 710bc, of the expansion 
cone segment assemb^ 710 are resilient, the expansion segments, 710aca and 
71 Obca, are thereby returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 Is incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. 15 and ISa-ISH, an alternative embodiment of an apparatus 
800 for fbmrring a weilbore casing in a subtenanean fonnation wUi now be described. 

35 The apparatus 800 includes a tubular support member 605 defining an internal 

passage 605a that is coupled to an end of a tubular coupling 810 defining en internal 
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passage 810a. Tlie other end of the tubular coupling 810 Is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
passage 81 5aa that includes a first radial passage 81 5b. a first flange 81Sc having a 
second radial passage 815d. a second flange 815e having opposite shoulders, 81Sea 
5 and 815eb, a third flange 815f. and an expansion cone support body 815g. The other 
end of the tubular support member 815 is coupled to a tubular end stop 820 that 

defines a passage 820a. 

As IHustraled in Figs. 15d and 15e. the expansion cone support body 815g 

includes a first end 815ga, a tapered hexagonal portion 815gb that Includes a plurality 
10 of T-shaped slots 81 SgbaprovidBd on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc. In an exempiafy embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from about 35 to 50 

degrees for reasons to be described. 

As illustrated in Figs. 15. 15a-15c, and 15f-15i, a plurality of expansion cone 

15 segments 825 are provided that Include first ends 82Sa that include T-shaped retaining 
members 825aa and seoond ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 81 5gb of the expansion cone support body 815g. first 
external surfaces 825bb. seoond external surfaces 825bc and third external surfaces 

20 82Sbd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are sBdably coupled to conesponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second external 

25 surfaces 825bc the widths of the second external surfiaoes ere substantially constant, 
and the vwdths of the third external surt&ces 825bd decrease in the direction of the first 

ends 825a of the expansion cone segments for rsasons to be described. Inan 
exemplary embodiment, the first external surfaces 825bb of the expansion cone 
segments 825 taper upvwrdiy in the direction of the second external surfaces 825bc, 

30 the second external surfaces taper upwardly in the direction of the third external 
surfaces 825bd. and the third external surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described, in an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second external surfaces 825bc. In an exemplary 
embodiment, the first and second external surfaces, 825bb and 82Sbc of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
ttctemal surfaces of the expansion cone segments provide a substantially continuous 
outer drcuntferentiai surface for reasons to be descrii)ed. 
5 As illustrated in Fig. 15i, in an exemplary emtxxliment, the external surfaces. 

825bb, 82SI>c» and 825t)d» of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlodc adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tutxdar 

10 support member 815 Is provided that Includes a first end that includes plurality of T- 
shaped slots 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830a In an exemplary embodiment the split ring collar 
830 is a conventional spilt ring collar commercially available from Halliburton Energy 

1 5 Services modified In accordance with the teachings of the present disdosiro. 

A dog assembly 835 is provided that includes a tubular sleeve 83Sa that defines 
a passage 835aa for receiving the tubular support member 815 and includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the spilt 
ring collar 830, a counterbore 835ac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 81 5 and is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 815f and the end of the counterbore. 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fa for receiving the tubular sleeve 83Sa, a radial 
passage 835fb for receiving a conventional resilient dog 835g. a counterbore 835fc for 
receiving and mating with the flange 815e of the tubular support member 815, a flange 

30 eSSfd, and a flange 835fe including counterbores, 835fr and 835fg, that mate with and 
receive the flange 81 Sc of the tubular support member. arKJ a radial passage 83Sfh. 

A flrst conventional padcer cup aesemMy 840 that deflnes a passage 440a for 
receiving the tubular sleeve 835f includes a flrst end 840b that mates with the flange 
* 835fd of the tubular sleeve 835f» a conventional sealing cup 840c» and a second end 

35 840d. A tubular spacer 845 that deflnes a passage 84Sa for receiving the tubular 
sleeve 835f Includes a flrst end 845b that mates wKh the second end 840d of the flrst 
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packer cup assembly 840 and a second end 845c. A second oonvenOonal packer cup 
assembly 850 that defines a passage 8S0a for receiving the tubular sleeve 835f 
Includes a fiist end 850b that mates v»llh the second end 845c of the spacer 845, a 
conventional sealing cup 850e. and a second end 850d that mates vvith the flange 

5 83Sfe of the tubular sleeve. 

In an exemplary embodiment, during operatkm of the apparatus 800, as 
niustrated In Figs. 1 5 and 158-iq, the apparatus may be Initially posilfaned In the 
weHbore 100, vwlthin the casing 110. vnith the dog assembly 835 positioned In a neutral 
positkMi in which the radU passage 815d of the tubular support member 815 Is flukJfcly 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expanston cone 

segments 825 are not driven up the tapered hexagonal portton 81Sgb of the expanskm 
cone support body 81Sg of the tubular support member 815 Into contact wHh the stop 
member 320. In this manner, fluldic materials within the Interior 815a of the tubular 
support member 81 5 may pass through the radial passages. 81 5d and 835fh, Into the 
15 annulus between the apparatus 800 and the casing 110 thereby preventing over 

pressurtzation of the annulus. Furthennore, In this manner, the outside diameter of the 
expanston cone segments 825 Is less than or equal to the outsWe diameter of the stop 
member 820 thereby pemnittlng the apparatus 800 to be dispiaoed within the casing 
110. 

20 As Blusirated In Figs. 16, and 16a-16c the apparatus 800 may then be 

positioned in the tubular member 120. During the Insertton of the apparatus Into the 
tubular member 120, the upper end 120b of the tubular member may innpact the end of 
the lesilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shouWer 815ea of the flange 815e of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g. the 
tubular sleeve 835f, the pin 836b, the retaining ring 836c the ring 836d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
83Se and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expanston cons segments 825 from being displaced toward the end slop 820. 

30 The apparatus 800 may then be at least partially posltkwied In the open hole 

sedton 1 15a of the weiibore sectfan 1 15, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portton of the apparatus 800 that 
includes the slop member 820, the expanston cone segments 825, the split ring collar 
830. and the dog assembly 835 Is then posittoned in the open bote section 11 5a of the 
35 weUbore sedton 115, beyond the tower end 120 of the tubular member fbr reasons to 
be described. Because the dog 835g of the dog assembly 835 is reslitent, onoe the 
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apparatus 800 has been positioned h the open hole section 1 15a of the vvelit>ore 
section 115. beyond the lOMier end 120c of the tubular member 120, the resilient dog of 
the dog assembly may spring outvvardiy in the radial direction. 

The apparatus BOO may then be repositioned at least partially bade within the 
5 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120t the lower end 120c of the tubular member may impact the ends of the resilient 
dog 83Sg of the dog assembly 835 thereby driving the resilient dog forward until the 
resiiisnt dog is positioned onto the shoulder 81Seb of the flange 81 5e of the tubular 
support member 815. 

10 As a result of the forward axial displacement of the resilient dog 835g. the 

tubular sleeve 835f , the spring 835a, the ring 83Sd. the ring 835c, the pin 835b, and the 
tubular sleeve 83Sa are displaced in the forward axial direction thereby also displacing 
the spin ring collar 830 and the expansion cone segments 825 in the fonward axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 

1 5 hexagonal portion 81 5gb of the expansion cone support body 81 5g of the tubular 

support member 81 5 into contact with the stop member 320. Furthermore, as a result 
of the forward axial displacement of the tubular sleeve 835f, the radial passages, 81 5d 
and 835fh. are fluididy decoupled. As a result fluidic materials within the tubular 
support nriember 815 may not pass into the annulus between the tubular support 

20 member and the tubular member 1 20. 

As a result of the fonivard axial displacement of the resilient dog 43Se, the 
outside diameter of the expansion cone segoYents 825 Is now greater than the Inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 800 to 
be used to radially expand and plastically defonn the tubular member, and fluidic 

25 materials within the interior 815a of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455ed, into the annulus between the 
apparatus 800 and the tubular member thereby pennitting the interior of the epparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plasUcally 
30 deform the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by injecting a pressurized fluidic material Into the tubular 
support member. 

In particular, as illustrated In Figs. 17 and 17a-17c the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
35 fluidic material 275 Into the apparatus through the passages 805a. 81 Oa, 8 1 5a. and 
820a. The injection of the fluidic rnaterial 275 rnay pressurize the Interfcx- 120a of tto 
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expandable tubular member 120. In addition, because the packer cup assetnbHes, 840 
and 850. seal off an annular region 120aa below the packer cup assemWIes between 
the expandable tubular member 120 and the tubular support member 815, the Injectfon 
of the fluldic material 275 may also pressurize the annular regkm. 

5 The continued Injedton of the fluidic material 275 may then pressurlzB the 

interior 1 20a of the expandable tubular member 120 thereby plasticaly deforming and 
radially expanding the expandable tubular member off of the expanskm cone segments 
825. Because the outer surfaces. 825bb and 825bc of the expansion cone segments 
825 are tapered, the plastto defbnnatton and radial expansion of the expandable 

10 tubular member 120 proximate the expansion cone segments Is facilitated. 

Furthermore, In an exemplary embodiment, the continued ir\iectk)n of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interkw 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 81 5 that Is bounded on the upper end by the packer cup assembly 
15 840 and on the lower end by the expansion cone segments 825. Furthenfnore, in an 

exemplary embodiment, the pressurizatton of the annular region 120aa also radially 
expands at least a portton of the surrounding portton of the expandable tubular member 
120. In this manner, the plastic defoimatkxi and radial expanston of the expandable 
tubular member 1 20 Is enhanced. Furthermore, during operatkjn of the apparatus 300, 

20 the packer cup assemblies 840 and 850 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurizatton of the annular regton 120aa decreases the operating pressures required 
for plastte deformatton and radial expansion of the expandable tubular member 120 by 

25 as much as 50% and also reduces the engle of attack of the tapered external eurfaces, 
825U> and b2Sbc of the expanston oone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member Is radially expanded and 
plasttoally defbmwd akxig wHh the overtapping portton of the wellbore casing 110. 

30 Because the expansion cone segments 826 may be adjustably positioned from an 

outside diameter less than the insWe diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inskle diameter of the preexisting 
casing 110. the resulting weflbore casing. Including the casing 110 and the radially 
expanded tubular member 120. created by the operation of the epparatus 800 may 
35 have a single substantially constant inside diameter thereby provWIng a moncHllameler 
wellbore casing. 
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During the radial expansion process, the expansion cone segnnents 825 may be 
raised out of the expanded portion of the tubular memlMr 1 20 by applying an upward 
axial force to the tubular support menrtber BIS. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to Iceep 
the tubular member stationary relative to the new wellbore section 115. 

in a prefenred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overiap with 
one another are plastically deformed and radially expanded by the expansion oone 
segments 825, the expansion oone segments are displaced out of the wellbore 1 00 by 
both the operating pressurs within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment the operating pressure and flow rate of the flutdic 
material 275 is contnollably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 1 20 off of the expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear feshion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1 .524 m) from completion of the extmsion process. 

Aitematively, or In combination, the wail thickness of the upper end portion of 
the expandable tubular member 120 is tapered in oreler to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Aitematively. or in combination, a shock absorber is provided in the tubular 
support member 805 In order to absoit the shock caused by the sudden release of 
pressure. The shock absort)er may comprise, for example, any conventional 
commercially available shock absort)er, bumper sub, or jars adapted for use In wellbore 

Aitematively, or in comblnatton, an expanston oone catching structure is 
provkled in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 

Alternatively, or In oombinatton, during the radial expansion process, an upward 
axial force is applied to the tubular support member 815 sufficient to plastically deform 



and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc. of the expansion oone segments 825. 

Alternatively, or in combination, in order to facilitate the piessurization of the 
interior 120a of the expandable tubular member by the ii\jection of the fiuldic materials 
275. the region within the vi»eUbore section 1 1 5 below the apparatus 800 may be 
fiuidicly sealed off In a convention manner using, for example, a padnr. 

Once the radtal expansion process Is completed, the tubular support member 
805. the tubular support member 81 0. the tubular support member 81 5, the end stop 
820, the expansion cone segments 825. the spilt ring collar 830. the dog assembly 835. 
the padcer cup assembly 840. the spacer 845. and the packer cup assembly 850 are 

removed from the wetlbores 100 and 115. 

If the e)vansion oone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed In the throat 815aa of the passage 81 5a of the tubular support member 81 5. 
The continued injection of the fiuldic material 275 following the placement of the ball 
280 in the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the counterbore 
835fg. As a result of the pressurlzation of the annular portion 835^ of the 
counterbore 835fg, the tubular sleeve 835f, the pin 835b. the retaining ring 835c, the 
ring 835d. the spring 835e. and the tubular sleeve 835a of the dog assembly 835. and 
the split ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direcbon away from the end stop 820. In this 
manner, the oulskte diameter of the expanskwi cone segments 825 Is thereby reduced 
and the apparatus 800 may then be removed from the expandable tubular member 
120. 

Referring now to Figs. 18a. 18b. 18c and 18d. an embodiment of an adjustable 
axpanskm cone assembly 900 will be described. The assembly 900 Includes a tubular 
support member 905 that defines a passage 905a and includes an expansion cone 
support flange assembly 905b that Is coupled to en end stop 910 that defines a 
passage 910a. The expanston oone support flange assembly 905b Includes a first 
tubular end 905ba. a second tubular end 905bb, and an intennedlate hexagonal 
conical hjbular body 905bc that Includes a plurality of substantlally Wentkal and equally 
spaced apart expanston cone segment support stots 905bcaa.905bcaf on each of the 

facets of the hex^onal tubular body. 

A plurality of first expanston cone segments »16a^15c are provWed that 
Include T^Jhaped letalnlng members 915aa^15ca that mate with end are movaWy 



received within the T-sh^d elots QOSbcaa. 905tx:ac, and QOSbcae of the hexagonal 
conical tubular body 905bc of the iaxpansion cone support assembly 90Sb, T-shaped 
retaining members 915ab-915cb, exterior top surfiaoes 915ao^15oc, exterior top 
surfaces 91Sad-91Scd, exterior top surfaces 91Sae-915ce, exterior top surfaces 91Saf- 
5 915cf, and exterior top surfaces 91Sag-915cg. In an exemplary embodiment, the 
exterior top surfaces 915ao-91Scc and the exterior top surfaces 91Sad*91Sod are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 915ao- 
91 Sec is greater than the angle of attedc of the exterior top surfaces 91 Sad-915cd. 

A plurality of second expansion cone segments 920a-920c. that are interieaved 

1 0 with and complementary shaped to the first expansion cone segments 91 5a-91 Sc» are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slote 905bcab, 905bcad, and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cbp exterior top surfaces 920ao-920cc, 

1 5 exterior top surfeces 920ad-920cd, exterior top surfaces 920ae-920ce, exterior top 
surfaces 920af-920cr. and exterior top surfeces 920ag^0cg. In an exemptary 
embodlmentt the exterior top surfaces 920ao-920cc and the exterior top surf!aces 
920ad-920cd are arcuate conical surfaces in which the angle of attedc of the exterior 
top surteces 920ac-920cc is greater than the angle of attadc of the exterior top 

20 surfaces 920ad-920cd. 

A split ring coitar 925 is provided that defines a passage 92Sa for recei^ng the 
tubular support member 905 that includes an L-shapad retaining member 925b at one 
end and another end of the split ring collar 925 includes T-shaped slote, 925c. 925d. 
925e, 925f, g25g, and 9^h. for mating with and receiving the T-shaped retaining 

25 members, 915ab, 920ab, 91 5bb, 920bb, 915cb, and 920cb. of the expansion cone 
segments. 915a, 920a, 915b, 920b, 915c and 920c, respectively. A tubutar sleeve 930 
is provided that defines a passage 930a for receiving the tobular support member 905 
and that also includes a slot 930b for receiving and mating with the L-shaped raining 
member 925b of the split ring collar 925. 

30 During operation of the assembly 900, as illustrated in Figs. 18a, 16b, 18c, and 

18d, in an unexpended position, the expansion cone segmenta. 915a, 915b, 915c 
915d, 920a, 920b, 920c, and 920d are positioned adiacent to the l>ase of the 
hexagonal conical tubular body 905bc of the expansion cone support fiange 905b away 
from the end stop 910. in this manner, the outeide dtameter of the expansion cone 

35 segmenta is less than or equal to the maximum outaide dtameter of the assembly. 
Furthennore, In the unexpended position, the expansion cone segmenta, 91Sa, 915b, 



and 91 5c are positioned further away fromtheei¥l8top910thanthe expansion cone 

segments, 920a. 920b, and 920c. 

As Uluslraled in Figs. 19 and 19a. the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring coUar 925 in the axial direction 
towards the expansion cone segment support membere 705bb. As a maun, the 
expansion cone segments. 915a. 915b. 915c 920a. 920b. 820c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b unli 
the expansion cone segments Impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a. 915b. 915c 920a. 920b. and 920c b 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthemwre. the conical outer surfaces. 915ac 915bc 915cc. 920ac 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920od 
of the expansion cone segments. 915a. 915b. 915c 920a. 920b. and 920c 
respectively, may now be used to radially expand a tubular member. In an exemplaiy 
embodiment, the outer conical surfaces. 915ac 915bc 915cc 920ac 920bc and 
020CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion oone segments. 915a. 915b. 915c 920a. 920b. and 920c 
respectively. In the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the circumferential direction. Furthemwre, note 
that in the expanded position of the assembly 900. the firet set of expansion cone 
segments, 915a. 915b. and 915c are brought into alignment with the second set of 

expansion cone segments. 920a. 920b. and 920a 

The assembly 900 may then be returned to the unexpended position by 

displacing the tubular sleeve 930 and the split rtng coUar 925 In the axial direction away 
from the end stop 910. As a result, the expansion cone segments. 915a. 915b. 915c 
920a. 920b. and 920c are displaced away from the end top 91 0. down the conical 
hexagonal hibuiar member 905bc and thereby are returned to a position in whwh the 
outside diameter of the expansion cone segments Is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

In several alternative embodiments, the assembly 900 Is Incorporaled into the 

assemblies 200. 300, 400, and 800. 

Refening to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 Includes hteriocklng expansion cone segments. 1000a. 1000b, 1000c lOOOd. 
1000e.and1000f. 



Referring to Rg. 20b. an embodiment of an expansion cone segment assembly 
1100 includes interiocking expansion cone segments. 1100a, 1100b. 1100c, 1100d, 
llOOe. andlioor. 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly 
5 1200 includes Interiocking expanskm cone segments. 1200a, 1200b, 1200c, 1200d, 
1200e, and 1200r. 

Refening to Fig. 20d, an embodiment of an expansion oone segment assembly 
1300 Includes Interiocking expansion cone segments, 1300a, 1300b, 1300c 1300d, 
1300e. and1300r. 

10 Referring to Fig. 20e, an embodiment of an expansion cone segment assembly 

1400 includes Interiocking expanston cone segments, 1400a. 1400b, 1400c 1400d. 
1400e, and 1400f. 

Refening to Pig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes interiocking expanston cone segments, 1500a, 1500b, 1500c ISOOd, 
15 1500e,and1500f. 

Referring to Fig. 20g. an embodiment of an expansion cone segment assembly 
1600 includes interiocking expanston cone segments, 1600a, 1600b. 1600c 1600d, 
1600e, and 1600f. 

Referring to Fig. 2(Ni. an embodiment of an expanston oone segment assembly 
20 1700 includes interiocking expansion cone segments, 1700a, 1700b, 1700c, 1700d, 
1700e. and 1700f. 

Refening to Hg. 20i. an embodiment of an expansion cone segntent assembly 
1800 includes interiocking expanston cone segments, 1800a, 1600b, 1800c, 1800d, 
IBOOe. andlBOOf. 

25 Referring to Fig. 20J, an embodiment of an expanston cone segment assembly 

1900 includes interiocking expanston cone segmente, 1900a, 1900b, 1900c 1900d, 
1900e,and1900f. 

Refening to Fig. 20k, an embodiment of an expansion cone segment assembly 
2000 includes interiocking expanston cone segments, 2000a, 2000b, 2000c 2000d, 
30 2000e, and 2000f. 

Referring to Fig. 201, an embodiment of an expansk)n cone segment assembly 
2100 includes Interiocking expanston cone segments, 2100a, 2100b, 2100c 2100d, 
21000, and 2100f. 

Refening to Fig. 20m, an embodiment of an expanston oone segment assembly 
35 2200 includes interiocking expansion oone segments, 2200a, 2200b, 2200c 2200d, 
2200e, and 2200f. 



The expansion oone segment assemblies 1000. 1100. 1200, 1300. 1400. 1500. 

1600, 1700, 1800, 1900, 2000, 2100. and 2200 provide enhanced operational 

properties such as, for nomple, efficient radial expansion of expandat)le tubular 

members and (hjrabilify during operatloa 
5 in several alternative embodiments, the design and opmrtlonal features of the 

apparatus 200. 300. 400. 500. 600, 700, 800, 900, 1000, 1 100, 1200. 1300. 1400, 

1500. 1600, 1700, 1800, 1900, 2000. 2100, and 2200 may be combined, in whole or in 

part, and/or the design and operational elements of the apparatus 200, 300. 400, 500. 

600. 700, 800. 900. 1000, 1100. 1200. 1300. 1400. 1500, 1600. 1700. 1800, 1900. 
10 2000, 2100, and 2200 may be interspersed among eadi other. 

In several alternative embodiments, the apparatus 200, 300. 400. 500. 600, 

700. 800. 900. and 1000. 1100. 1200. 1300. 1400. 1500, 1600. 1700, 1800, 1900, . 

2000, 21 00, and 2200 may be used to form or repair weabore casings, p^lines, or 

stnjctural supports. 

15 In several alternative embodiments, the apparatus 200, 300. 400. 500. 600. 

700. 800. 900, 1000, 1100. 1200, 1300. 1400. 1500. 1600, 1700. 1800. 1900. 2000. 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion oone support body that may. for exmiple. 
be conical, or may be a muitf-sided body. 

20 In several aKamative embodiments, the design and operation of the apparatus 

200, 300, 400. 500. 600. 700. 800. 900, 1000. 1100, 1200, 1300. 1400. 1500, 1600, 
1700, 1800, 1900, 2000. 2100, and 2200 are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial no. 09^54,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/510,913, attorney dodtet no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent 

appOcation serial no. 09/502,350, attorney docket no. 25791 .8.02. filed on 2/10/2000. 
(4) U.S. patent application serial na 09/440,338, attorney docket no. 25791 .9.02. filed 
on 11/15/1999. (5) U.S. patent application serial no. 09/523.460, attorney docket no. 
25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial no. 09/512.895, 

30 attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent appllcatton serial 
no. 09/511.941, attorney docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, 
(9) U.S. patent applkatkm serial na 09/559.122, attorney docket no. 25791 .23.02. filed 
on 4/26/2000, (10) PCT patent appiicatkm serial no. PCTAJSOO/18635, attorney docket 

35 no. 25791 .25.02. filed on 7/9/2000, (1 1 ) U.S. proviskxial patent appHcation serial no. 
60/162,671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 



• t • • • 
t « • 

• t • 
t « t 

• • « • i 



t t t 

fl t • • t 

• • • •« 

• • « • 

fl • • • • 
« • « 



patent application serial no. 60/154,047, attorney docket no. 25791 .29. filed on 
0/16/1999. (13) U.S. provisional patent application serial na 60/159.082, attorney 
dodcet no. 25791.34. filed on 10M2/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 

5 provisional patent applicatton serial no. 60/159.033, attorney docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney 
docket no. 25791.38, fled on 6/19«000. (17) U.S. provistonal patent appiicatkin serial 
no. 60/165,228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisional patent application serial no. 60/221,443, attorney docket no. 25791.45, filed 

10 on 7/28/2000, (1 9) U.S. provisional patent applicatton serial no. 60/221 ,646, attorney 
docket no. 25791 .46. filed on 712012000. (20) U.8. provistonal patent appUcatton serial 
no. 60/233,638. attorney docket no. 25791.47. fitod on 9/18/2000. (21) U.S. provistonal 
patent applfcatton serial no. 60/237.334. attorney docket no. 25791 .48, filed on 
10/2/2000, (22) U.S. provistonal patent applicatton serial no. 60/270,007, attorney 

15 docket no. 25791.50. filed on 2/20/2001: and (23) U.S. provisional patent appltoatton 
serial no. 60/262,434, attorney docket no. 25791.51. fitod on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259,486. attorney docket no. 25791 .52, fitod 
on 1/3/2001, ttie disctoeures of wlilch are incorporated herein tty reference. 

Atthough lllustrattve emtMdiments of ttie irwentton tiave been slwwn and 

20 descrit>ed. a wide range of modification, cttanges and sut>stltution is contemplated in 
ttte foregoing disclosure. Accordingly, it is appropriate ttiat ttie appended claims be 
oonstmed broadly. 
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Claims 

1 A method of plastically deforming and radially expanding an expandable tutHilar 
member using an apparatus comprising a tubular support member, an acflustable 
expansion device movably coupled to the tubular support member, and an actuator 
movaWy coupled to the tubular support member for a(«usllng the acQustable expansion 

device, comprising: 

coupling a fifsl end of the expandable tubular member to a tubular stnicture; 
inserting the apparatus into the first end of the expandable tubular member In a 

first direction; ^ 
, displacing the actuator of the apparatus in a second direction opposite to the 

first direction; . ^ . .w- 

applying a resilient biasing force to the adjustable expansion device in the 

second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
5 of a second end of the expandable tubular member. 

reinserting the actuator of the apparatus Into the second end of the expandable 
tubular member in the second direction; 

increasing the outside diameter of the ac«ustable expansion device by 
displacing the actuator and the adjustable expanston device relative to the expandable 

20 tubular number In the first directton; and 

plastically defomiing and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member in the 
second direction. 

25 z Themethodofclaim1.vt(hereindisplacingtheactuatoroftheapparatuslnthe 

second direction comprises: 

impacting the actuator with the firet end of the expandable tubular member. 

3 The method of daim 1 . wherein displacing the actuator and the adjustable 
30 expansion device relative to the expandable tubular member in the first direction 

comprises: ^ , ^ . 

impacting the actuator the second end of the expandable tubular member. 

• 4. themethodofclalm1.>«hereinmovingtheadjuslableexpan8iondevlcethroug^ 

35 the expandable tubular member comprises: 

pulling the adjustable expansion device through the expandable tubular 
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member. 

5. The method of daim 1 . further comprising: 

fluididy sealing the interfeoe t)etween the tubular support member of the 
5 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

6. An apparatus for plastically defomning and radially expanding an expandable 
tubular member, comprising: 

a tutHJlar support member; 

an adjustable expansion device movably coupled to the tubular support 
mentber, 

actuating means for actuating the adjustable expansion device; 
means fior displacing the actuating means of the apparatus In a first direction; 
means for applying a reslBent biasing forte to the adjustable mpansion device 
when the actuating means Is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansion device 
by displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first diracUon. 

7. The apparatus of daim 6, wherein the means for dlspladng the actuating means 
of the apparatus in the first direction comprises: 

25 means for impacting the actuating means. 

8. The apparatus of daim 6, wherein the means for displadng the actuating means 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means for impacKng the actuating means. ' 
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